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^^As and ''^Sc NMR measurements unravel the electronic state for Fe-based supercon- 
ductors with perovskite-type blocking layers Ca4(Mg,Ti)3Fe2As208-H (T""""* = 47 K) and 
Ca5(Sc,Ti)4Fe2As20ii_a (7;°"^'=' = 41 K). In Ca5(Sc,Ti)4Fe2As20ii-y, the nuclear spin relaxation 
rate l/Ti shows pseudogap behavior below ~ 80 K, suggesting that the electronic state is similar 
to that of LaFeAs(0,F) system with moderate electron doping. The presence of the pseudogap be- 
havior gives an interpretation that the hole-like band (so-called 7 pocket) is located just below the 
Fermi level from the analogy to LaFeAs(0,F) system and the disappearance of the 7 pocket yields 
the suppression of the low-energy spin fluctuations. On the other hand, in Ca4(Mg,Ti)3Fe2As208-i/ 
satisfying the structural optimal condition for higher Tc among the perovskite systems, the extrinsic 
contribution, which presumably originates in the Ti moment, is observed in 1/T\T; however, the 
moderate temperature dependence of 1/T\T appears by its suppression under high magnetic field. 
In both systems, the high Tc of ~ 40 K is realized in the absence of the strong development of the 
low-energy spin fluctuations. The present results reveal that the structural optimization does not 
induce the strong development of the low-energy spin fluctuations. If we consider that supercon- 
ductivity is mediated by spin fluctuations, the structural optimization is conjectured to provide a 
benefit to the development of the high-energy spin fluctuations irrespective to the low-energy part. 

PACS numbers: 74.25. Ha, 74.25. nj, 74.70.Xa, 76.60.-k 



I. INTRODUCTION 

A perovskite-type superconductor with a large two- 
dimensional separation of FeAs layers is one of the key 
examples to clarify the mechanism of high among 
Fe-based superconductors. The maximum in the 
perovskite-type systems has been marked at T°"'"'* ^ 47 
K for Ca4(Mg,Ti)3Fe2As2 08-y or T""'*^* ~ 46 K for pres- 
surized Sr2VFeAs03 . [l|, The perovskite systems have a 
tendency that the pnictogen height is longer and the As- 
Fe-As bond angle is sharper compared with 1111 systems 
possessing the same a-axis length, 0] and the systems 
have many varieties of the blocking layers. Tc of over 40 K 
has been achieved only in 1111 systems and perovskite- 
type systems, thereby implying the importance of the 
structural feature for achieving higher values of Tc- 

The perovskite systems are characterized by 
two types of composition: A„+2-^nFe2As2 03„ or 
A„+iM„Fe2As203„_i {A = Sr, Ca, M = Sc, Mg, Ti, 
V, Al) ■ [ll. l3-[l0| Figure 1 shows the crystal structures of 
the latter type, Ca„+iA/„Fc2As203„_i (n = 3 and 4). 
The thick blocking layer composed of Ca„+iM„03„_i 
expands the distance between FeAs layers along the 
c axis, and this layer distance ranges from ~ 15<o25 
A. These values are much larger than those of other 
Fe-based superconductors such as FcSe (5.5 A) and 
SmFeAs(0,F) (8.5 A).[ll|, d It is an intriguing issue 



whether AF spin fluctuations are developing in the 
perovskite system with of over 40 K. 

NMR is an effective tool to investigate spin fluctua- 
tions. From the point of view of NMR measurements, 
close relationships between the nuclear spin relaxation 
rate l/Ti and Tc can be observed in some systems 
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FIG. 1: (color online) The crystal structures of 
Ca4(Mg,Ti)3Fe2As208 and Ca5(Sc,Ti)4Fe2As20ii. The 
M site is occupied by either Mg or Ti (Sc or Ti), thereby 
resulting in two inequivalent As sites. The outer M site and 
the inner M' site are crystallographically inequivalent. The 
M' site shows nearly cubic symmetry. 
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yon.et AT^j (K) a (A) Ref. 



Sr4(Mg,Ti)2Fe2As206-y 


36.7 


6.0 


3.936 


m 


Sr4V2Fe2As206-j/ 


37.2 


9.6 


3.930 


[5J 


Ca4(Sc,Ti)3Fe2As208-j; 


34.8 


3.1 


3.922 


[8] 


Ca5(Sc,Ti)4Fe2As20ii-j; 


41.3 


1.4 


3.902 


[8] 


Ca6(Sc,Ti)5Fe2As20i4-a 


43.3 


0.6 


3.884 


m 


Ca4(Mg,Ti)3Fe2As208-a 


47.3 


~0.5 


3.877 


m 


Ca5(Mg,Ti)4Fe2As20ii-j; 


43.0 





3.864 


[23j 


Ca8(Mg,Ti)6Fe2As20i8-i; 


41.7 





3.86 


[23] 


Ca6(Al,Ti)4Fe2As20i2-j; 


39.0 




3.815 


[10] 


Ca4Al2Fe2As206-H 


28.3 




3.713 


[9] 



TABLE I: r°"°'=* at ambient pressure, the maximum AT'°'""=* 
under pressure, and the a-axis length for several perovskite 
systems. As for the pressure effect, two compounds are added 
from Ref. [2^ . which will be published elsewhere. 



such as FeSe, pressurized SrFe2As2, Ba(Fc,Co)2As2, and 
BaFc9fAs.P)9. [l3l - [l7j giving a strong suggestion for a 
contribution of spin fluctuations to superconductivity. 
In LaFeAs(0,F), l/T^T strongly depends on the carrier 
doping, while the doping-dependent variation in Tc seems 
to depend on the samples, [isi IT9| A recent study has re- 
ported the relationship between AF fluctuations and Tc 
in Lai 111 systems, [l^ However, NMR measurements for 
40-50 K class high- Tc Fe-based systems have not thus far 
been satisfactorily performed, because the large localized 
moment of rare-earth ions such as Sm or Nd in 1111 sys- 
tems obstructs the evaluation of the intrinsic magnetic 
character originating in Fe moments [2Cj-i22| . 

In this paper, we report the NMR results of 
Ca4(Mg,Ti)3Fe2As208-.y (denoted by MgTi:3 hereafter) 
and Ca5(Sc,Ti)4Fc2As20ii_j; (ScTi:4). The accurate lo- 
cal structures for both compounds are not determined; 
however MgTi:3 with T""*""* = 47 K is considered to 
satisfy the structural optimal conditions for higher Tc 
among perovskite systems from systematic comparisons 
of the a-axis length and pressure effects on T^.^, [l^ 
They arc summarized in Table. I and Fig. 2. The clear 
relationship can be seen between the a-axis length and 
rponset determined by the resistivity measurement, and 
between the a-axis length and the pressure variation of 
Tc. T°"'*'=* = 47 K in MgTi:3 is located at a peak position, 
and Tc increases under pressure only when a is longer 
than that of MgTi:3. This tendency strongly suggests 
that the structural optimization is achieved in MgTi:3 
among the perovskitc-typc systems. The relationship 
between Tc and the a-axis length also can be seen in 
1111 systems, [m where Lallll has a longer a-axis length 
compared with Sm or Ndllll systems with the highest 
Tc- If two-dimensionality in the perovskite- type structure 
does not influence the electronic state significantly, it is 
briefly conjectured that the electronic state of MgTi:3 is 
close to Sm or Nd systems, and ScTi:4 is located between 
them and the La system. 
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FIG. 2: (color onhne) The a-axis length vs. r°"'"'*, the in- 
crease in Tc under pressure AT°^J^*, and the initial slope 
of pressure variation of T"'^""^ up to 1 GPa for several per- 
ovskite systems. The relationship between a-axis length and 
rponset j^^g been already summarized in Ref. [2^. The a-axis 
length for MgTi:3 with highest Tc is threshold, above which 
Tc increases under pressure, indicating that the structural op- 
timization is achieved for MgTi:3 among the perovskite sys- 
tems. Each curve and line is a guide to the eye. 



II. EXPERIMENTAL PROCEDURE 



Polycrystalline samples were synthesized via solid- 
state reactions. P, Q The MgTi:3 exhibits T"""''* = 47 
K in a resistivity measurement, which is the high- 
est value among perovskite systems. [l| The presence 
of a clear diamagnetism is confirmed below 43 K. 
The Tc°"'"=* of ScTi:4 is 41 K as per a resistiv- 
ity measurement, and diamagnetism is observed be- 
low 36 K.0 The nominal composition of each com- 
pounds is given as Ca4(Mgo.25Tio.75)3Fe2As208-j, and 
Ca5(Sco.5Tio.5)4Fe2As20ii_j,, however the doping level 
is unclear due to a difficulty of the quantitative analysis 
of the stoichiometric ratio. The samples were crushed 
into powder for NMR measurements. The NMR mea- 
surements for ''^As and ^^Sc were performed using a con- 
ventional spin echo method in the range of a magnetic 
field of up to 15 T. The ^^As has a nuclear spin 7 = 3/2 
and a gyromagnctic ratio = 7.292 MHz/T, and ^^Sc 
has / = 7/2 and ^ 10.343 MHz/T. 
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III. EXPERIMENTAL RESULTS AND 
DISCUSSIONS 



A. NMR spectrum analysis 

Figures 3(a) and 3(b) show the central transitions 
(—1/2 o 1/2) of the ^^As spectrum measured at ^7 
T for MgTi:3 and ScTi:4. Both spectra are com- 
posed of four peaks and they do not represent the typ- 
ical powder patterns for FeAs superconductors which 
are composed of two peaks, as shown for the case of 
Sr2VFeAs03 in the inset of Fig. 3(b), where the crystal 
is oriented partially along H \\ ab. The present spec- 
tra are rather similar to that of the perovskite system 
Ca6(Al,Ti)4Fe2As20i2-y.[2B| Nakano et al. have shown 
that the spectrum can be reproduced by taking into ac- 
count the asymmetry parameter of the electric field gra- 
dient 77. However, the four distinct peaks shown in 
Figs. 3 cannot be reproduced only by a powder pattern 
with T] for a single As site. The inset in Fig. 3(a) shows 
the '^^As-NQR spectrum (±1/2 o ±3/2 transition) mea- 
sured at zero field for MgTi:3, and it reveals the existence 
of two inequivalent As sites. This inequivalency can be 
understood crystallographically, because the neighbor- 




As(1): = 11.1 MHz, 11 = 0.3 
As(2): v^= 17.8 MHz, ii = 0.1 . 

As(1):As(2) = 67:33 
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FIG. 3: (color online) (a) ^^As-NMR spectrum for MgTi:3 
(Ca4(Mgo.25Tio.75)3Fe2As208-H) measured at ljo = 51.044 
MHz. The spectrum is well reproduced by taking account of 
the two inequivalent As sites with each parameter shown in 
the figure; the inset shows the NQR spectrum, (b) ^^As- 
NMR spectrum for ScTi:4 (Ca5(Sco.5Tio.5)4Fe2As20ii_j;). 
The spectrum is similarly reproduced. The uq value for the 
As(l) site is in the range of values between those of MgTi:3 
and ScTi:4, thereby suggesting that this value is attributed 
to the As site next to the Ti ion. The inset shows the ^^As- 
spectrum for the stoichiometric Sr2VFeAs03. The spectrum 
is a typical powder pattern with 77 = oriented partially along 
H II ab. 



ing M site is occupied by either Mg or Ti as shown in 
Fig. 1, and the quadrupole frequency (i^q) strongly de- 
pends on the surrounding ions. For instance, the As site 
of SrsVFeAsOa {A = Sr, M = V) has lyg ~ 7.55 MHz, 
and that of Ca2AlFeAs03_j; [Ca4Al2Fe2As20fi-„] {A = 
Ca, M = Al) has i/q - 22.6 MHz.jll, ^ In actuah 
ity, the NMR spectrum for MgTi:3 is well reproduced 
by a powder pattern taking into account two As sites 
with = 11.1 MHz, 77 = 0.3 [As(l)] and vq = 17.8 
MHz, ?7 = 0.1 [As(2)]; these values nearly correspond 
to the observed NQR frequencies. In this spectral cal- 
culation, the distribution of uq is also taken into ac- 
count. The asymmetry parameter rj is conjectured to 
be induced by the breaking of the local four-fold symme- 
try at the As site due to the random distribution of the 
sccond-ncarest-neighboring and more distant neighbor- 
ing Al site, because rj is almost zero in the stoichiometric 
system Sr2 VFeAsOa . [IJ] In this sense, 77 is expected to 
distribute in the crystal and the obtained fitting parame- 
ter indicates the averaged value. Similarly, the spectrum 
of ScTi:4 is also reproduced by two inequivalent As sites 
with i/Q 10.5 MHz, 77 = 0.3 [As(l)] and i/q = 15.8 
MHz, 1] — 0.2 [As(2)]. From a comparison of the inten- 
sity ratio between two As sites, the As(l) site with the 
similar frequencies of 11 MHz for both compounds is 
expected to be the As site next to the Ti ion. The shapes 
of the ""^ As-NMR spectra for both compounds are nearly 
unchanged with variation in temperature. However, we 
could not evaluate the accurate temperature dependence 
of the Knight shift because of the error in the estimation 
of and ?7, which also depend on temperature. 

Figure 4(a) shows the ^^Sc-NMR spectrum for ScTi:4 
measured at ~ 7 T. The ''^Sc-NMR spectrum is com- 
posed of a sharp peak observed at around zero Knight 
shift {Hq ~ 7 T) along with broad tails. Since the nu- 
clear spin of ""^^Sc nuclei is / = 7/2, the broad tails can 
be interpreted as the quadrupole satellite lines smeared 
out by the random i^q. On the other hand, a sharp peak 
indicates the Sc site with i^g 0, which is in a high 
symmetry close to a cubic one. These two different sig- 
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FIG. 4: (color online) (a) *^Sc-NMR spectrum at 10 K, which 
indicates two Sc sites, (b) *^Sc-NMR spectrum for the in- 
ner Sc site at several temperatures. The spectrum clearly 
broadens at low temperatures, (c) Temperature dependence 
of line- width of *^Sc-NMR spectrum. 
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nals are attributed to the inequivalcnt Sc sites shown 
in Fig. 1. The inner Sc site denoted by M' is located 
within a nearly cubic symmetry resulting vavq ^ Q. The 
outer Sc site denoted by M shows lower symmetry, so 
that vq ^ 0. Figure 4(b) shows the spectra for the in- 
ner Sc site at several temperatures. It is observed that 
the spectrum broadens at low temperatures. Figure 4(c) 
shows the temperature dependence of the spectral width. 
The width suddenly increases below 8 K, thereby in- 
dicating the establishing of the internal magnetic field. 
This behavior is similar to that of the ^^Al spectrum in 
Ca6(Al,Ti)4Fe2As20i2-y, where the "^^As-spectrum 
also broadens at low temperatures due to the larger inter- 
nal field when compared with those in the present cases. 
The magnitude of the internal field is smaller in ScTi:4 
by a factor of 1/4 — 1/5 when compared with that of 
Ca6(Al,Ti)4Fe2As20i2-y at the Sc/Al site. 



B. Spin dynamics in perovskite-type systems 

Figure 5 shows the recovery curves at the As site for 
MgTi:3 to evaluate the nuclear spin - lattice relaxation 
time Ti. The Ti was measured at the As(l) site for 
H \\ ab. In the normal state, the recovery curve is well 
fitted by the theoretical curve for the central transition 
of / = 3/2, thereby indicating that the magnetic fluctua- 
tion is dominated by the specially homogeneous one. In 
the SC state, since the recovery curves cannot be fitted 
by a single component of Ti, as shown in the figure, we 
fitted the data by assuming two components. The short 
component is attributed to the electronic state in the vor- 
tex core and the region strongly affected by the magnetic 
moment inducing the static internal field at low temper- 
atures, which presumably originates in Ti 3d electrons. 




FIG. 5: (color online) The recovery curves for ^^As-NMR for 
MgTi:3 measured at ~ 15 T. In the normal state, the recovery 
curves are well-fitted by the theoretical curve. In the SC state, 
the short component appears due to the vortex core and the 
influence from the fluctuations of the small localized moment. 



We used the long component to discuss the electronic 
state in the SC state, although the contribution from the 
extrinsic fluctuation cannot be excluded sufHciently. 
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FIG. 6: (color online) Temperature dependences of 1/TiT for 
(a) ScTi:4 and (b) MgTi:3. In the normal state for ScTi:4, 
pseudogap behavior is observed below ~ 80 K irrespective of 
samples, which were made by a same procedure but the carrier 
density is conjectured to be slightly different. In MgTi:3, the 
moderate temperature dependence is seen at high magnetic 
field, where the extrinsic fiuctuation is suppressed. In the SC 
state, the peaks appear at around 10 K due to the critical 
slowing down of some localized moment. 

Figure 6 shows the temperature dependence of 1/TiT 
for (a) ScTi:4 and (b) MgTi:3 measured at different mag- 
netic fields. In both samples, the clear drops in 1/TiT 
below Tc are observed in the absence of a coherence peak, 
thereby confirming that the superconductivity is of bulk 
nature. In the SC state, the peaks in 1/TiT appear at 
around 10 K, and it is more pronounced for MgTi:3. Tak- 
ing into account the broadening of the ^^Sc spectrum for 
ScTi:4 below ~ 8 K, the peaks indicate a critical slow- 
ing down of some magnetic moment. As clearly seen 
in MgTi:3, the temperature of this peak increases under 
high magnetic field, thereby indicating that this magnetic 
ordering is not a typical AF one. 

In the normal state for ScTi:4, Curie- Weiss like be- 
havior at high temperatures and pseudogap behavior be- 
low ~ 80 K appear irrespective of samples. The peak 
of ~ 80 K does not originate in the magnetic ordering 
because of the absence of the spectral broadening. The 
pseudogap behavior in the similar temperature range has 
been seen for Lallll systems in the lightly or optimally 
doped region without the magnetic ordering: x = 0.07 
{Tc = 22.5 K) or x = 0.11 (T^ = 21 K).[ll[2| According 
to band calculations, the pseudogap behavior indicates 
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the presence of the high density of states just below the 
Fermi level, [2^ which mainly originates in the band at 
(tt, tt) in unfolded Brillouin zone (so-called 7 pocket if it 
crosses the Fermi level) . jsoj If the 7 pocket takes part 
in the Fermi surface, the nesting between the 7 pocket 
and the electron-like pockets (so-called (3) yields the low- 
energy spin fluctuations which strongly develops towards 
low temperatures; however if it is absent, the pseudogap 
appears and the moderates temperature dependence of 
l/TiT is realized. [Ullll In this context, l/TiT, which 
proves low-energy spin fluctuations of ~ 10^ — 10^ MHz, 
is governed by mainly the presence or absence of the 7 
pocket, and the Fermi surface of ScTi:4 is conjectured to 
be almost lacking the 7 pocket. 

In MgTi:3, on the other hand, l/TiT shows the field 
dependence below ^ 100 K. Generally the spin fluctua- 
tion originating in the Fe moment is robust against mag- 
netic field. dH The observed increase in 1/TiT depend- 
ing on magnetic field is attributed in other extrinsic mo- 
ment interacts weakly, which is probably a Ti-localized 
moment. TiT ^ const, behavior at 15 T, which ap- 
pears as a consequence of the suppression of the extrinsic 
l/TiT, suggests that the intrinsic 1/TiT is temperature- 
independent or decreases with decreasing temperature. 
It is difficult to mention whether the pseudogap behav- 
ior is present or not because a high field of 15 T may 
not be enough to suppress the extrinsic relaxation com- 
pletely. If wc consider that the 1/TiT at higher field 
is inherent in the spin fluctuation originating in the Fc 
moment, it is clear that the strong magnetic criticality 
is absent in MgTi:3. It is conjectured that the 7 pocket 
does not appear obviously in the Fermi surface of MgTi:3 
as well as other electron-doped systems. It should be 
noted that the absence of the strong magnetic criticality 
does not mean the absence of the AF spin fluctuations. 
It is interpreted that the low-energy part of the spin 
fluctuations is temperature independent. [2^ Even in the 
Lallll system with moderate temperature dependence 
of 1/TiT, the anisotropy of 1/TiT has been understood 
to originate in the stripe- type AF spin fluctuation. [33| 
In addition to the present results, the moderate temper- 
ature dependence in 1/TiT has been also observed in 
Sr4(M g,Ti )2Fe2As206-^ whose a-axis length is relatively 
longer. [33j The strong enhancement of 1/TiT has been 
reported in Ca4Al2Fe2As206-j, with the quite shorter a- 
axis length. In the longer a-axis regime, to which the 
Lallll system also belongs, there is no clear indication 
that the two-dimensional separation of FeAs layers in the 
perovskite-type structure gives a significant enhancement 
of the spin fluctuations, at least in the low-frequency re- 
gion. 

Figure 7 shows the temperature dependencies of l/Ti 
for MgTi:3 and ScTi:4. The fluctuations in the local- 
ized moment make it difficult to evaluate the SC gap 
symmetry in these compounds. However, particularly 
in MgTi:3, 1/Ti shows a steep decrease close to a 
relation even at the lowest temperature without exhibit- 
ing TiT=const. behavior originating in the residual den- 




Temperature (K) 

FIG. 7: (color online) Temperature dependence of l/Ti for 
MgTi:3 and ScTi:4. 1/Ti continues to decrease even at low 
temperatures. 



sity of state (DOS) near the Fermi level. The residual 
DOS for MgTi:3 is estimated to be less than 5% of the 
DOS in the normal state. In P-doped 122 systems which 
have been pointed out to have nodes in the SC gap, a 
large residual DOS of more than 30% is observed in Ti 
measurements, [ssi [36j and this is in strong contrast to 
the present case. The SC gap symmetry of MgTi:3 is 
conjectured to be nodeless as in many Fe-based super- 
conductors, but more careful investigation is required. 

The present NMR results revealed that the high Tc of 
over 40 K in MgTi:3, which is considered to satisfy the 
structural optimal condition as shown in Fig. 1,(23, [13 
is realized in the moderate low-energy spin fluctuations. 
The situation might be similar to that of PrFeAs(0,F) 
with Tc = 45 K, where the temperature dependence of 
1/TiT is weak in the normal state. [s^l These behav- 
ior are in contrast to the cases in FeSe and some 122 
systems. [l3-[l3l In 122 systems, the higher Tc is realized 
accompanied by quantum critical behavior, and super- 
conductivity disappears along with the disappearance of 
the criticality. These results suggest that the spin fluctu- 
ations are relevant with superconductivity and also imply 
that the high-energy part of the spin fluctuations devel- 
ops along with the low-energy part in these systems. In 
the moderately doped LaFeAs(0,F) and LiFcAs, super- 
conductivity is realized in the absence of strong criti- 
cal fluctuations, [isl [TqI . [28l Issj The present pcrovskite 
systems possess about twofold higher Tc than those of 
LaFeAs(0,F) and LiFeAs, however there is no clear indi- 
cation that the spin fluctuation develops compared with 
them. This suggests that the development of the low- 
energy spin fluctuation is not important for achieving 
high Tc- If we consider that superconductivity is me- 
diated by spin fluctuations, it is naturally considered 
that only the high-energy part develops in the present 
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perovskite-typc systems irrespective of the low-energy 
part, compared with Lallll systems. This may be a 
common feature in the Fe-based superconductors being 
located near the pseudogap regime, in which 7 pocket 
is absent or small. For example, in the calculation for 
the electron-doped pseudogap regime, only high-energy 
spin fluctuations develop with decreasing temperature 
in contrast to the hole-doped regime. [2^ Based on the 
theoretical sug gestion taking into account of the nesting 
properties, [39| a best condition for high T^. is achieved 
in the presence of the small 7 pocket. In this condition, 
the low-energy spin fluctuation is not strongly enhanced 
owing to the small 7 pocket .(sH giving no contradiction 
to the present results. 



IV. CONCLUSION 

In summary, we performed NMR measurements for 
Ca4(Mg,Ti)3Fe2As208-y and Ca5(Sc,Ti)4Fe2As20ii_y 
which have high Tc values. The ^^As- and ^^Sc-spectral 
shapes were well explained by taking into account the 
inequi valency of the As and Sc sites. The magnetic or- 
dering of some extrinsic moment, which is conjectured to 
be the Ti moment, occurs at low temperatures, and its 
contribution to Ti obstructs a minute investigation of the 
SC gap symmetry. The small 1/TiT at the lowest tem- 
perature in Ca4(Mg,Ti)3Fe2As208-j, indicates the upper 
limit of the residual DOS in the SC state is ^ 5 % of that 



in the normal state. The gap symmetry is likely to be 
nodeless, however careful measurement is needed for elu- 
cidating it. In Ca5(Sc,Ti)4Fe2As20ii_y, the pseudogap 
behavior in l/TiT suggests that the hole-like band, which 
is related to so-called 7 pocket, is located just below the 
Fermi surface as well as the moderately doped Lallll 
systems. The disappearance of the pocket suppresses the 
development of the low-energy spin fluctuations signifi- 
cantly, however relatively high Tc of ^ 40 K is realized. 
The high Tc of over 40 K in Ca4(Mg,Ti)3Fe2As208-y is 
also realized without the clear indication of the strong 
low-energy spin fluctuations. The observed temperature 
dependencies of l/TiT in the high- Tc perovskite-type 
systems are almost similar to those of Lallll systems in 
spite of the twofold higher Tc- The present results sug- 
gest that the structural optimization for high Tc does not 
induce the strong development of low-energy spin fluctu- 
ations, and thus it is rather conjectured to be beneficial 
to the development of the high-energy spin fluctuations. 
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